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(54) VALVE TIMING CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve emission and fuel 
consumption by a VVT (a valve timing control mechanism) and 
to prevent the occurrence of rush to a misfire region by 
suppression of rapid acceleration. 

SOLUTION: In this device, simultaneously with closing of a 
power source, after initialization by a step S100, answer 
performance of a VVT is estimated by the operation state of an 
internal combustion engine at a step S200. At a step S300, the 
relative rotation angle of the VVT is controlled and at a step 
S400, a throttle correction gain to correct the opening of a 
throttle valve in a manner to match with answer performance of 
the VVT is computed. At a step S500, a throttle valve is 
controlled. Since when answer performance of the VVT is 
lowered, the opening of the throttle valve is corrected and 
controlled based on answer performance thereof, whereby 
effectiveness of the VVT is drawn to a maximum limit and 
emission and fuel consumption are improved, and by 
suppression of rapid acceleration, rush to a misfire area is 
prevented from occurring. 
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, * NOJICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is prepared in the driving force transfer system which transmits driving force to the driven shaft 
of an intake valve or an exhaust air bulb which opens and closes either at least from an internal combustion 
engine f s driving shaft. Either said driving shaft or said driven shaft The valve timing controlling mechanism 
in which a relative revolution is free at predetermined include-angle within the limits, A driving shaft angle- 
of-rotation detection means to detect the angle of rotation of said driving shaft, and a driven shaft angle-of- 
rotation detection means to detect the angle of rotation of said driven shaft, An angular strain operation 
means to compute the angular strain which is the phase contrast of the angle of rotation of said driving shaft 
detected with said driving shaft angle-of-rotation detection means, and the angle of rotation of said driven 
shaft detected with said driven shaft angle-of-rotation detection means, A target angular strain operation 
means to compute the target angular strain which is the phase contrast made into the target of the angle of 
rotation of said driving shaft, and the angle of rotation of said driven shaft according to said internal 
combustion engine's operational status, A control angle of rotation is computed according to the deflection 
of said angular strain computed with said angular strain operation means, and said target angular strain 
computed with said target angular strain operation means. The angular strain control means which carries 
out the relative revolution of said driving shaft or said driven shaft according to said valve timing 
controlling mechanism, The throttle opening control means which controls the opening of a throttle valve 
which adjusts the inspired air volume to said internal combustion engine independently with an accelerator 
pedal control input based on various information, A responsibility ability presumption means to presume the 
responsibility ability of said valve timing controlling mechanism, The valve timing control unit for internal 
combustion engines characterized by providing a throttle opening amendment means to amend the opening 
of said throttle valve controlled by said throttle opening control means based on the responsibility ability 
presumed with said responsibility ability presumption means. 

[Claim 2] Said responsibility ability presumption means is a valve timing control unit for internal 
combustion engines according to claim 1 characterized by including a responsibility ability amendment 
means to presume the responsibility ability of said valve timing controlling mechanism based on the oil 
temperature detected with the oil-temperature detection means directly or indirectly in the oil temperature of 
the hydraulic oil of said valve timing controlling mechanism, and to amend the presumed responsibility 
ability with said internal combustion engine's engine rotational speed. 

[Claim 3] Said oil-temperature detection means is a valve timing control unit for internal combustion 
engines according to claim 2 characterized by detecting an oil temperature indirectly based on at least one of 
said internal combustion engine's current cooling water temperature, the cooling water temperature at the 
time of start up, after [ start up ] elapsed time, the count of start-up postignition, and the counts of after 
[ start up ] fuel injection. 

[Claim 4] Said throttle opening amendment means is a valve timing control unit for internal combustion 
engines according to claim 1 characterized by computing the time constant at the time of controlling the 
opening of said throttle valve by said throttle opening control means from the responsibility ability of said 
valve timing controlling mechanism, and amending the opening of said throttle valve using said time 
constant. 

[Claim 5] Said throttle opening amendment means is a valve timing control unit for internal combustion 
engines according to claim 1 characterized by including the throttle close control means which the 
responsibility ability of said valve timing controlling mechanism is falling, and delays predetermined time to 
said accelerator pedal control input while performing angle-of-delay side control of said valve timing 
controlling mechanism based on said accelerator pedal control input, when it judges that said internal 

* 
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t combustion engine's operational status shifted to the slowdown side rapidly, and carries out close control of 
said throttle valve. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is the thing of an internal combustion engine's intake valve or an 
exhaust air bulb concerning the valve timing control unit for internal combustion engines which can be 
changed freely according to operational status in one of closing motion timing at least. 
[0002] 

[Description of the Prior Art] Conventionally, what was indicated in JP,64-80733,A is known as advanced- 
technology reference relevant to the valve timing control unit for internal combustion engines. It has the so- 
called "electronic throttle system" which drives a motor according to an accelerator control input etc., and 
controls the opening of a throttle valve by this thing, and the valve timing controlling mechanism (valve- 
action modification device) which enables modification of the closing motion timing of an internal 
combustion engine's intake valve according to operational status. And the technique which changes the 
relation between an accelerator pedal control input and the opening of a throttle valve, and cancels the shock 
by the torque difference generated in case change actuation of the cam in a valve timing controlling 
mechanism is carried out is shown. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, a guard or control is forbidden to below 
predetermined for the controlled variable by the valve timing controlling mechanism until it becomes the oil 
temperature which is satisfied with the above-mentioned thing of the responsibility of the valve timing 
controlling mechanism which detects the oil temperature of hydraulic oil and is demanded. In such control, 
there was nonconformity that effectiveness over the improvement in the emission, fuel consumption, etc. in 
the internal combustion engine having a valve timing controlling mechanism could not be pulled out to the 
maximum extent. 

[0004] Then, this invention was made in order to solve this nonconformity, and it is offering the technical 
problem the valve timing control unit for internal combustion engines which aimed at improvement in the 
emission, fuel consumption, etc. by the valve timing controlling mechanism. Furthermore, sudden 
acceleration is controlled according to the responsibility ability of a valve timing controlling mechanism, 
and the valve timing control unit for internal combustion engines which can prevent inrush in a flame-failure 
region is offered the technical problem. 
[0005] 

[Means for Solving the Problem] According to the valve timing control device for internal combustion 
engines of claim 1, based on the responsibility ability of the valve timing controlling mechanism presumed 
with the responsibility ability presumption means, the opening of a throttle valve which adjusts the inspired 
air volume to an internal combustion engine independently is amended by the throttle opening amendment 
means with the accelerator pedal control input controlled by the throttle opening control means. Since the 
opening of a throttle valve is amended and controlled based on the responsibility ability while an oil 
temperature is low and the responsibility ability of a valve timing controlling mechanism is falling by this, 
the effectiveness of a valve timing controlling mechanism is pulled out to the maximum extent, and 
improvement in emission, fuel consumption, etc. is achieved. Furthermore, while the responsibility ability of 
a valve timing controlling mechanism is falling, the effectiveness that inrush in a flame-failure region is 
prevented by sudden acceleration being controlled is acquired. 

[0006] In the valve timing control device for internal combustion engines of claim 2, the responsibility 
ability of a valve timing controlling mechanism is presumed based on the oil temperature of the direct or 
indirect hydraulic oil detected with the oil-temperature detection means with a responsibility ability 
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. presumption means, and further, since the presumed responsibility ability is amended by the responsibility 
ability amendment means with engine rotational speed, the effectiveness that the responsibility ability of a 
valve timing controlling mechanism can be known to accuracy according to an internal combustion engine's 
operational status is acquired. 

[0007] In the valve timing control unit for internal combustion engines of claim 3 With an oil-temperature 
detection means, an internal combustion engine's current cooling water temperature, the cooling water 
temperature at the time of start up, after [ start up ] elapsed time, Based on at least one of the count of start- 
up postignition, and the counts of after [ start up ] fuel injection, an oil temperature detects indirectly. That 
is, since the oil temperature of hydraulic oil is presumed based on the gross calorific value by friction of the 
transition state of cooling water temperature, an internal combustion engine's working stroke, a cylinder, etc. 
in an internal combustion engine's operational status, the effectiveness that an oil-temperature sensor 
becomes unnecessary is acquired. 

[0008] In the valve timing control device for internal combustion engines of claim 4, the throttle control 
time constant at the time of controlling the opening of a throttle valve by the throttle opening control means 
from the responsibility ability of a valve timing controlling mechanism is computed, and the opening of a 
throttle valve is amended by the throttle opening amendment means using the throttle control time constant. 
That is, based on the speed of response of a valve timing controlling mechanism, the throttle control time 
constant at the time of control of the opening of a throttle valve is computed as opening amendment of a 
throttle valve, and since it is made to correspond to the responsibility ability of a valve timing controlling 
mechanism with the throttle control time constant and the operating speed of a throttle valve is graduated, 
the effectiveness that sudden acceleration is conjointly controlled with the effectiveness of a valve timing 
controlling mechanism is acquired. 

[0009] In the valve timing control device for internal combustion engines of claim 5, when it is judged that 
the responsibility ability of a valve timing controlling mechanism was falling with the throttle opening 
amendment means, and an internal combustion engine's operational status shifted to the slowdown side 
rapidly, while angle-of-delay side control of a valve timing controlling mechanism is performed based on an 
accelerator pedal control input, it delays predetermined time to an accelerator pedal control input by the 
throttle close control means, and close control of the throttle valve is carried out. The effectiveness that the 
flame failure of the internal combustion engine which originates in buildup of the internal EGR (residual gas 
of a combustion chamber) by the delay of a valve timing controlling mechanism to rapid angle-of-delay 
actuation of a valve timing controlling mechanism by this can be prevented is acquired. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on an 
example. 

[001 1] Drawing 1 is the outline block diagram showing the double overhead cam type internal combustion 
engine which applied the valve timing control device for internal combustion engines concerning one 
example of the gestalt of operation of this invention, and its peripheral device. 

[0012] Setting to drawing 1 , 1 is an internal combustion engine and 2 is the angle of rotation theta 1 of the 
crankshaft 31 as an internal combustion engine's 1 driving shaft. The crank angle sensor which detects a 
signal, The coolant temperature sensor with which 3 detects an internal combustion engine's 1 cooling water 
temperature THW signal, and 4 are the angle of rotation theta 2 of the cam shaft 33 as a driven shaft by the 
side of an internal combustion engine's 1 intake valve 32. A signal is detected. Angle of rotation theta 1 
from the crank angle sensor 2 The cam angle sensor for computing an angular strain (seconds of arc) from 
phase contrast with a signal, The throttle opening sensor by which 5 detects the throttle opening TA signal 
of a throttle valve 1 4, Inspired-air- volume sensors, such as an air flow meter with which 6 detects the 
inhalation air content Q A signal to an internal combustion engine 1 , The oil-temperature sensor which 7 is 
installed in the middle of an oil way, and detects the oil-temperature THO signal of hydraulic oil, The 
accelerator opening sensor by which 8 detects the accelerator opening AP signal as an accelerator pedal 
control input, The oil-pressure-control bulb by which 9 carries out adjustment control of the oil pressure of 
hydraulic oil (it is described as "OCV" below Oil-flow Control Valve:), 10 as an actuator which controls a 
cam shaft 33 by oil pressure adjusted by OCV9 to the target angular strain (target seconds of arc) which is 
the phase contrast made into a target with a crankshaft 3 1 The hydraulic valve timing controlling mechanism 
installed in the ************ 32 side (below VariableValve Timming Control Mechanism:) The oil strainer 
described as "WT" for 1 1 to suck up hydraulic oil from the inside of an internal combustion engine's 1 oil 
pan mechanism, The DC motor as the lubricating oil pump with which 12 feeds hydraulic oil, and an 
actuator which 1 3 drives so that it may be made in agreement with the target throttle opening to which the 
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. throttle opening of a throttle valve 14 is directed, 20 is ECU (Electronic Control Unit: electronic control) 
which detects an internal combustion engine's 1 operational status based on the input signal from various 
sensors, calculates the optimal control value, and outputs a driving signal to OCV9 or DC motor 13. 
[0013] Next, the electric configuration of ECU20 is explained with reference to drawing 2 R> 2. 
[0014] ROM22 in which ECU20 stored CPU21 as a well-known central processing unit, and the control 
program in drawing 2 , RAM23 which stores various data, the cooling water temperature THW signal from 
a coolant temperature sensor 3, The throttle opening TA signal from the throttle opening sensor 5, the 
inhalation air content QA signal from the inspired-air-volume sensor 6, Angle of rotation theta 1 from the 
A/D-conversion circuit 24 and the crank angle sensor 2 which change each analog signal of the oil- 
temperature THO signal from the oil-temperature sensor 7, and the accelerator opening AP signal from the 
accelerator opening sensor 9 into a digital signal Angle of rotation theta 2 from a signal and the cam angle 
sensor 4 A signal The below-mentioned OCVDuty computed by CPU21 based on the waveform shaping 
circuit 25 to shape in waveform and these various information the driving signal ITAEX based on OCV9 
and the output throttle opening TAEX for the driving signal IDOCV based on the control (duty ratio) value 
DOCV It is constituted as a logic operation circuit which consists of an output circuit 26 for outputting to 
DC motor 13, respectively. 

[0015] Next, it explains based on the flow chart of drawing 3 which shows the base routine of CPU21 in 
ECU20 currently used with the valve timing control device for internal combustion engines concerning one 
example of the gestalt of operation of this invention. In addition, this base routine is repeatedly performed 
by CPU2 1 for every predetermined time. 

[0016] In drawing 3 , initialization is first performed by the charge and coincidence (at the time of power- 
source starting) of a power source at step SI 00. In this initialization, the memory content of RAM23 grade is 
set as initial value, or the input signal from various sensors is checked. Full-scale control processing after 
initialization by this step SI 00 and within the following loop formations is performed repeatedly. 
[0017] At step S200, presumed processing of the responsibility ability of WT10 is performed according to 
an internal combustion engine's 1 operational status. Next, it shifts to step S300 and WT angular strain 
control processing is performed. Next, it shifts to step S400 and data processing of the throttle amendment 
gain for amending the throttle opening of a throttle valve 14 that the responsibility ability of VVT10 
presumed at step S200 should be suited is performed. Next, after shifting to step S500 and performing 
throttle control processing, the processing same to step S200 as return is performed repeatedly. 
[0018] Next, each processing in an above-mentioned base routine is explained to a detail for every 
subroutine. 

[0019] The detail of the VVT responsibility ability presumption manipulation routine in step S200 of 
drawing 3 is explained with reference to VVT response characteristic drawing of drawing 5 based on the 
flow chart of drawing 4 . In addition, this subroutine is repeatedly performed by CPU21 every 120ms. 
[0020] In drawing 4 , the oil temperature THO of the hydraulic oil of WT10 is first read at step S201. Next, 
it shifts to step S202 and the speed of response ARB AS in case WT10 displaces to a tooth-lead-angle side 
to the oil temperature THO read at step S201 is computed from a table. The table showing the relation of 
this oil temperature THO and speed of response ARBAS is the optimum value calculated by experiment etc. 
in consideration of the WT speed of response beforehand influenced of an oil temperature THO like the 
after-mentioned. Next, it shifts to step S203 and the speed of response RRBAS in case WT10 displaces to 
an angle-of-delay side similarly to the oil temperature THO read at step S201 is computed from a table. In 
addition, since WT response characteristics differ by the tooth-lead-angle and angle-of-delay side to the oil 
temperature THO with the same WT speed of response, each table is prepared. 

[0021] As shown in drawing 5 (a), here OCVDuty outputted to OCV9 If the inclination (A/B) of the angular 
strain VT [**CA] which follows the target angular strain VTT when changing the control value DOCV to 
100% from 0% [**CA], and changes is made into a VVT speed of response [**CA/sec] The VVT speed of 
response by the side of a tooth lead angle and the angle of delay changes in a property as shown in drawing 
5 (b) corresponding to an oil temperature [**]. 

[0022] Next, at this example, it is the discharge quantity which is proportional to the engine rotational speed 
NE since the lubricating oil pump 12 of the hydraulic oil of WT10 is being interlocked with an internal 
combustion engine's 1 actuator, since the same hydraulic oil as actuation of WT10 is used, it will be 
influenced, and the rate correction factor FNE to the engine rotational speed NE is computed from a table at 
step S204. The table showing the relation between this engine rotational speed NE and the rate correction 
factor FNE is the optimum value beforehand calculated by count, experiment, etc. from pump 
characteristics. 
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■ [0023] Next, it shifts to step S205, the multiplication of the rate correction factor FNE is carried out to the 
tooth-lead-angle side speed of response ARBAS computed at step S202, and the final tooth-lead-angle side 
speed of response ARPNS is computed. Next, it shifts to step S206, and the multiplication of the rate 
correction factor FNE is carried out to the angle-of-delay side speed of response RRBAS computed at step 
S203, the final angle-of-delay side speed of response RRPNS is computed, and this routine is ended. 
[0024] It is the method which carries out valve timing control by VVT10 only to an inspired air flow path, 
as the view of the tooth lead angle/angle of delay to an intake valve 32 is shown in drawing 6 , the valve 
timing of the exhaust air bulb 34 is fixed to TDC (Top Dead Center: top dead center), and the amount of 
overlap is flexibly controlled by this example by the tooth lead angle / carrying out the angle of delay in the 
valve timing of an intake valve. 

[0025] Next, the detail of the WT angular strain control manipulation routine in step S300 of drawing 3 is 
explained based on the flow chart of drawing 7 . In addition, this subroutine is repeatedly performed by 
CPU21 every 16ms. 

[0026] In drawing 7 , the engine rotational speed NE and the inhalation air content QA are read at step S301 . 
Next, it shifts to step S302 and the target angular strain of WT10 is computed from a map based on the 
engine rotational speed NE and the inhalation air content QA which were read at step S301 . Here, a is 
computed as a target angular strain from a map at the time of NE=nel and QA=qal. The target angular 
strain which can be found from this map is the optimum value beforehand calculated by count, experiment, 
etc. 

[0027] Next, it shifts to step S303 and the target angular strain a computed at step S302 is stored in "VTT" 
of the storage region of the target angular strain of RAM23. Therefore, in the following explanation, it is 
described as the target angular strain VTT. Next, it shifts to step S3 04 and the current angular strain (it is 
described also as a real angular strain) VT of WT10 based on each input signal from the crank angle sensor 
2 and the cam angle sensor 4 is read. Next, it shifts to step S305 and is the last angular strain VT (i-1). This 
angular strain VT (i) The differential value DLVT is computed from deflection. Next, it shifts to step S306 
and is this angular strain VT (i). The angular strain deflection ERVT is computed from deflection with the 
target angular strain VTT. 

[0028] Next, it shifts to step S307 and P (proportion) term correction value PVT is computed from a table 
based on the angular strain deflection ERVT computed at step S306. Next, it shifts to step S308 and D 
(differential) term correction value DVT is computed from a table based on the differential value DLVT 
computed at step S3 05. In addition, D term correction value DVT computed from a table at P term 
correction value PVT and step S308 which are computed from a table at step S307 is an optimum value 
beforehand calculated by count, experiment, etc. Next, P term correction value PVT which shifted to step 
S309 and was computed at step S307, D term correction value DVT computed at step S308, and the last 
OCVDuty The control value DOCV is added and it is final OCVDuty. The control value DOCV is 
computed and this routine is ended. This OCVDuty VVT angular strain control is performed by VVT10 
through OCV9 to which the control value DOCV is outputted. Here, it is OCVDuty as actuation of OCV9 
shows property drawing to drawing 8 . An angular strain control value [**CA] is increased by oil quantity 
being increased in proportion to the control value DOCV [%]. 

[0029] Next, the detail of the throttle amendment gain data-processing routine in step S400 of drawing 3 is 
explained based on the flow chart of drawing 9 . In addition, this subroutine is repeatedly performed by 
CPU21 every 8ms. 

[0030] In drawing 9 , the differential value DLVT computed at step S305 of drawing 7 by step S401 is read. 
Next, it shifts to step S402 and it is judged whether the differential value DLVT is zero or more. When the 
differential value DLVT is zero or more, it shifts to step S403 noting that the variation rate by the side of the 
tooth lead angle of an angular strain VT is directed, and the tooth-lead-angle side speed of response ARPNS 
presumed and computed from an internal combustion engine's 1 operational status at step S205 of drawing 4 
is read. Next, it shifts to step S404, the throttle control time constant T at the time of tooth-lead-angle side 
control is computed from a table based on the tooth-lead-angle side speed of response ARPNS read at step 
S403, and this routine is ended. In addition, the throttle control time constant T corresponding to the tooth- 
lead-angle side speed of response ARPNS for suiting the table used at step S404 at the responsibility ability 
of WT10, and controlling the operating speed of a throttle valve 14 is beforehand called for by count, 
experiment, etc., and is set up. 

[003 1 ] On the other hand, the criteria of step S402 are not satisfied, but when the differential value DLVT is 
less than zero, it shifts to step S405 noting that the variation rate by the side of the angle of delay of an 
angular strain VT is directed, and the angle-of-delay side speed of response RRPNS presumed and 
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• computed from an internal combustion engine's 1 operational status at step S206 of drawing 4 is read. Next, 
it shifts to step S406, the throttle control time constant T at the time of angle-of-delay side control is 
computed from a table based on the angle-of-delay side speed of response RRPNS read at step S405, and 
this routine is ended. In addition, the throttle control time constant T corresponding to the angle-of-delay 
side speed of response RRPNS for suiting the table used at step S406 at the responsibility ability of WT10, 
and controlling the operating speed of a throttle valve 14 is beforehand called for by count, experiment, etc., 
and is set up. 

[0032] Next, the detail of the throttle control manipulation routine in step S500 of drawing 3 is explained 
based on the flow chart of drawing 10 . In addition, this subroutine is repeatedly performed by CPU21 every 
8ms. 

[0033] In drawing 10 , the accelerator opening AP is read at step S501. Next, it shifts to step S502 and the 
target throttle opening TTA to the accelerator opening AP read at step S501 is computed from a table. The 
target throttle opening TTA when changing in consideration of an internal combustion engine's 1 drivability 
(Drivability), a controllability, etc. to the accelerator opening AP is set to this table. Next, it shifts to step 
S503, gain amendment is performed to the target throttle opening TTA through the model {1/(1+T-S)} of a 
transfer function, and the final output throttle opening TAEX is computed. In addition, T in a model is the 
throttle control time constant for which it asked at step S404 or step S406 of drawing 9 . 
[0034] Next, it shifts to step S504 and the current throttle opening TA is read. Next, it shifts to step S505 
and it is judged whether it is over the output throttle opening TAEX by which the current throttle opening 
TA read at step S504 was computed at step S503. When the current throttle opening TA is over the output 
throttle opening TAEX, it shifts to step S506, actuation processing which drives DC motor 13 which opens 
and closes a throttle valve 14 to a close side, and makes the current throttle opening TA in agreement with 
the output throttle opening TAEX is performed, and this routine is ended. 

[0035] On the other hand, when the criteria of step S505 are not satisfied, it shifts to step S507 and it is 
judged whether it is under the output throttle opening TAEX by which the current throttle opening TA read 
at step S504 was computed at step S503. When the current throttle opening TA is under the output throttle 
opening TAEX, it shifts to step S508, actuation processing which drives DC motor 13 which opens and 
closes a throttle valve 14 to an open side, and makes the current throttle opening TA in agreement with the 
output throttle opening TAEX is performed, and this routine is ended. On the other hand, when the criteria 
of step S507 are not satisfied, processing which shifts to step S509 noting that the current throttle opening 
TA is in agreement with the output throttle opening TAEX, makes a idle state DC motor 1 3 which opens 
and closes a throttle valve 14, and holds the current throttle opening TA (maintenance) is performed, and 
this routine is ended. 

[0036] Next, an operation of this example is explained using the timing diagram of drawing 1 1 . In addition, 
this timing diagram describes only the control the convenience top of explanation, and by the side of the 
tooth lead angle of VVT10. 

[0037] Based on the oil temperature THO for operating WT10, the tooth-lead-angle side speed of response 
ARPNS which can follow VVT10 is called for. Next, so that nonconformities, such as a flame failure, may 
not occur by acceleration/slowdown of the throttle valve 14 quicker than the tooth-lead-angle side speed of 
response ARPNS By the suiting throttle control time constant T being computed, and the throttle control 
rate TAEX, i.e., an output throttle opening, being amended by this throttle control time constant T Since the 
target angular strain VTT corresponding to the WT speed of response determined by the oil temperature 
THO at that time is set up, the angular strain deflection ERVT which is the deflection of the target angular 
strain VTT and the present angular strain VT can be stopped small. The flattery nature of an internal 
combustion engine's 1 valve timing in a fuel system or ignition system control becomes good by this, and 
drivability, emission, etc. improve. 

[0038] Furthermore, although the responsibility ability of VVT10 was made to suit with the throttle control 
time constant T and the operating speed of a throttle valve 14 is graduated also in a slowdown region or the 
angle-of-delay region of VVT10 in the above-mentioned example As a timing diagram is shown in drawing 
12 , when the accelerator opening differential value DLAP by the side of close [ of the accelerator opening 
AP as an accelerator control input ] turns into beyond the predetermined value gamma By controlling a 
throttle valve 1 4 to a close side, after operating and carrying out predetermined period delay (delay) of 
WT10 to an angle-of-delay side beforehand based on the accelerator opening AP The flame failure of the 
internal combustion engine 1 which originates in buildup of the internal EGR by the delay of VVT10 to 
rapid angle-of-delay actuation ofWTIO can be prevented. 

[0039] Thus, the valve timing control unit for internal combustion engines of this example It is prepared in 
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• the driving force transfer system which transmits driving force to the cam shaft 33 as a driven shaft which 
opens and closes an intake valve 32 from the crankshaft 31 as an internal combustion engine's 1 driving 
shaft. A cam shaft 33 WT10 in which a relative revolution is free at predetermined include- angle within the 
limits, Angle of rotation theta 1 of a crankshaft 3 1 The crank angle sensor 2 as a driving shaft angle-of- 
rotation detection means to detect, Angle of rotation theta 2 of a cam shaft 33 The cam angle sensor 4 as a 
driven shaft angle-of-rotation detection means to detect, Angle of rotation theta 1 of the crankshaft 3 1 
detected by the crank angle sensor 2 Angle of rotation theta 2 of the cam shaft 33 detected by the cam angle 
sensor 4 to receive Phase contrast, Namely, the angular strain operation means attained by CPU21 in ECU20 
which computes the angular strain VT of a cam shaft 33, An internal combustion engine's 1 operational 
status is embraced, and it is the angle of rotation theta 1 of a crankshaft 31 . Angle of rotation theta 2 of a 
cam shaft 33 The target angular strain operation means attained by CPU21 in ECU20 which computes the 
target angular strain VTT which is target phase contrast, A control angle of rotation is computed according 
to the deflection ERVT of the angular strain VT computed with said angular strain operation means, and the 
target angular strain VTT computed with said target angular strain operation means. The angular strain 
control means attained by CPU21 in ECU20 which carries out the relative revolution of the cam shaft 33 by 
WT10, The throttle opening control means attained by CPU21 in ECU20 which controls the opening of a 
throttle valve 1 4 which adjusts the inspired air volume to an internal combustion engine 1 independently 
with the accelerator opening AP as an accelerator pedal control input based on various information, The 
responsibility ability presumption means attained by CPU21 in ECU20 which presumes the responsibility 
ability of VVT10, The throttle opening amendment means attained by CPU21 in ECU20 which amends the 
opening of the throttle valve 14 controlled by said throttle opening control means based on the responsibility 
ability presumed with said responsibility ability presumption means is provided. 
[0040] Therefore, based on the responsibility ability of WT10 presumed by CPU21 in ECU20 which 
attains a responsibility ability presumption means, the opening of a throttle valve 14 which adjusts the 
inspired air volume to an internal combustion engine 1 independently is amended by CPU21 in ECU20 
which attains a throttle opening amendment means with the accelerator opening AP as an accelerator pedal 
control input controlled by CPU2 1 in ECU20 which attains a throttle opening control means. Since the 
opening of a throttle valve 14 is amended and controlled based on the responsibility ability while an oil 
temperature is low and the responsibility ability of WT10 is falling by this, the effectiveness of VVT10 is 
pulled out to the maximum extent, and improvement in emission, fuel consumption, etc. is achieved. 
Furthermore, while the responsibility ability of VVT10 is falling, inrush in a flame- failure region is 
prevented by sudden acceleration being controlled. 

[0041] Moreover, the valve timing control unit for internal combustion engines of this example presumes 
the responsibility ability of VVT10 based on the oil temperature THO by which the responsibility ability 
presumption means attained by CPU2 1 in ECU20 was directly detected by the oil-temperature sensor 7 as 
an oil -temperature detection means in the oil temperature THO of the hydraulic oil of WT10, and a 
responsibility ability amendment means to amend the presumed responsibility ability with an internal 
combustion engine's 1 engine rotational speed NE is included. That is, since the tooth-lead-angle side speed 
of response ARB AS and the angle-of-delay side speed of response RRBAS are computed based on the oil 
temperature THO of hydraulic oil, it is further amended with the engine rotational speed NE and the tooth- 
lead-angle side speed of response ARPNS and the angle-of-delay side speed of response RRPNS are called 
for as responsibility ability of VVT10 as specifically shown in drawing 4 R> 4, the responsibility ability of 
WT10 can be known to accuracy according to an internal combustion engine's 1 operational status. 
[0042] And the valve timing control unit for internal combustion engines of this example computes the 
throttle control time constant T at the time of controlling the opening of a throttle valve 14 by the throttle 
opening control means to which the throttle opening amendment means attained by CPU21 in ECU20 is 
attained by CPU21 in ECU20 from the responsibility ability of WT10, and amends the opening of a throttle 
valve 14 using the throttle control time constant T. As opening amendment of a throttle valve 14, namely, 
specifically As are shown in drawing 9 , and the throttle control time constant T at the time of control of the 
opening of a throttle valve 14 is computed based on the positive/negative of the differential value DLVT, the 
tooth-lead-angle side speed of response ARPNS of VVT10, and the angle-of-delay side speed of response 
RRPNS and it is shown in drawing 10 Since the responsibility ability ofWTIO is made to suit with the 
throttle control time constant T and the operating speed of a throttle valve 1 4 is graduated, sudden 
acceleration is conjointly controlled with the effectiveness of WT10. 

[0043] Furthermore, the valve timing control unit for internal combustion engines of this example The 
responsibility ability of WT10 is falling [ the throttle opening amendment means attained by CPU21 in 
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. ECU20 ]. and when it judges that an internal combustion engine's 1 operational status shifted to the 
slowdown side rapidly While performing angle-of-delay side control of WT10 based on the accelerator 
opening AP as an accelerator pedal control input, the throttle close control means which delays 
predetermined time to the accelerator opening AP, and carries out close control of the throttle valve 14 is 
included. As an accelerator pedal control input, namely, specifically As shown in drawing 12 , when the 
accelerator opening differential value DLAP by the side of close [ of the accelerator opening AP ] turns into 
beyond the predetermined value gamma Since a throttle valve 14 is controlled at a close side after operating 
and carrying out predetermined period delay of WT10 to an angle-of-delay side beforehand based on the 
accelerator opening AP, The flame failure of the internal combustion engine 1 which originates in buildup 
of the internal EGR by the delay of WT 10 to rapid angle-of-delay actuation of WT10 can be prevented. 
[0044] By the way, in the above-mentioned example, in VVT responsibility ability presumption, although 
the oil-temperature sensor 7 has detected the oil temperature of hydraulic oil directly, when carrying out this 
invention, it is not limited to this and you may presume from the transition state of an internal combustion 
engine's cooling water temperature, the transition state of the temperature of a cylinder wall, the cooling 
water temperature at the time of start up, elapsed time, etc. 

[0045] Such a valve timing control unit for internal combustion engines detects an oil temperature THO 
indirectly based on at least one, while oil-temperature detection means are an internal combustion engine's 1 
present cooling water temperature, the cooling water temperature at the time of start up, after [ start up ] 
elapsed time, a count of start-up postignition, and a count of after [ start up ] fuel injection. That is, since the 
oil temperature of hydraulic oil is presumed based on the gross calorific value by friction of the transition 
state of cooling water temperature, an internal combustion engine's 1 working stroke, a cylinder, etc. in an 
internal combustion engine's 1 operational status, it is not necessary to necessarily arrange the oil- 
temperature sensor [ as / in an above-mentioned example ] 7. 
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